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Report of the North-East Arctic Fish~ies Working Group 
1. Participants 
S Ehrich 
A Hylen (Chairman) 
J Janusz 
:s W Jones 
V P Ponomarenko 
C J R0rvik 
N Schultz 
A Schumacher 
I G Tsenker 
:s Vaske 
Federal Republic of Germany 
Norway 
Poland 
U.K. (England) 
U.S.S.R. 
Norway 
German Democratic Republic 
Federal Republic of Germany 
U.S.S.R. 
German Democratic Republic. 
V M Nikolaev (ICES Statistician) also participated in the meeting. 
2. Terms of Reference 
At the 1976 Statutory Meeting of ICES it was decided (C.Res.1976/2:30) 
that: 
"the North-East Arctic Fisheries Working Group should 
meet at Charlottenlund from 14-18 March 1977 to: 
(a) assess TACs for 1978 for cod and haddock; 
(b) examine any new data from midwater trawl 
fisheries and study the effect on the exploita-
tion of these species; 
(c) assess, if possible, the effective mesh size in 
use, and report on the effects of increases in 
mesh size". 
In addition, following a NEAFC request from the November Mid-term Meeting, 
this Working Group was requested by the Chairman of the Liaison Committee 
of ICES to provide description of life histories, fisheries and distribu-
tions of the stocks in relation to zones under national fisheries 
jurisdiction for North-East Arctic cod and haddock, plaice, halibut, common 
dab, long rough dab, 1umpsucker, Polar cod, and catfishes in Sub-area I 
and Divisions IIa and lIb. 
In an understanding between the Chairmen of the Saithe (Coalfish) Working 
Group, the North Sea Roundfish Working Group and the Faroe Working Group, 
blue ling, ling, and tusk for the whole ICES area were included in the 
additional terms of reference for the Faroe Working Group. 
3. Status of the Fisheries 
3.1 Cod (Tables 1-4) 
The preliminary figure for the total catch in 1975 was about 836 000 tons 
which was close to the final figure of more than 829 000 tons. Also the 
preliminary data on the landings from Sub-area I and Divisions IIa and lIb 
were in quite good agreement with the final figures. 
The 1976 fishery was limited by the same international quota scheme as in 
1975. The total landings were limited to 810 000 tons of North-East 
Arctic cod. In addition, Norway and U.S.S.R. each could add 40 000 tons 
to their quota. This covers their catch of Norwegian coastal cod and 
Murman cod respectively. As was the case last year, the coastal cod is 
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treated as an independent un~t for management purposes. The U.S.S.Ra 
landings of Murman cod were included in the assessment for North-East 
Arctic cod. 
Total landings are given in Table 1 for Sub-area I and Divisions IIa and 
lIb. Totals for each country are given in Table 2. The preliminary 
figure for the total landings shows a n increase from 1975 to 1976 of 
about 30 000 tons, making up a total of approximately 859 000 tons. This 
figure should be compared with the total allowable catch of 850 000 tons. 
In Sub-area I and Division lIb the landings in 1976 decreased by 4% and 
30% respectively. The decrease in Division II~ is caused mainly by low 
abundance of the most recent year classes in this area (Table 16). In 
Division IIa the increase in the landings was estimated to be 80%. This 
was caused by a high contribution to the catches of the 1970 (38% by 
number) .and 1969 (18% by number) year classes which have been estimated 
to be very strong and of average size respectively. No specific year 
class dominated the catches in Sub-area I. In Division lIb the 1970 
year class contributed substantially to the catches (40% by number). 
3.2 Haddock (Tables 5-7) 
'T' 
The catches of North-East Arctic haddock were not limited by a quota 
regulation in 1976. However, vessels from the countries which had 
exhausted their quotas for cod were not allowed to continue a directed 
trawl fishery for haddock. The effect of this regulation was small, since 
normally most of the catches are taken as by-catch when fishing for cod. 
As for cod, the preliminary figures for the 1975 landings were close to 
the final ones. Total landings in 1976 were about 143 000 tons, compared 
with 176 000 tons in 1975. 
A decrease in landings was observed for Sub-area I and Division IIa. Th~ 
reduction is estimated as 18% and 25% respectively. The !!lost abundant 
year class in the catches was the 1969 year class which contributed 27% 
by number, followed by the 1973 year class with 22%. In Sub-area I the 
younger year classe£ of 1973-75 made a contribution of 43% by number to 
the catches. 
Virtual Population Analysis (VPA) (Tables 8-15) 
4.1 Age composition 
Assessments were made for cod and haddock with catch/age ~omposition data 
for 1950-74 as used in earlier assessments, together with updateQ age 
compositions for 1975 and preliminary data for 1976 (Tables 8 and 13). 
The data included U.S.S.R. landings of Murman cod and haddock. 
4.2 Natural mortality 
For cod the assessments were made using values fer the coefficient of 
natural mortality of M = 0.2 and 0.3, and for haddock a value of 
M = 0.2 has been used. 
4.3 Fishing mortality 
The Group experienced some difficulties in deciding the appropriate 
values of fishing mortality for 1976 which are required to initiate 
the virtual population analysis. 
403.1 Cod 
In recent years the cod stock declined to a low level following a series 
of years of poor recruitment. Subsequently the stock size began to in-
crease again with the recruitment of the more abundant year classes of 
1970 and later years. As a result the fishery has become more unstable 
and the more traditional pattern of the fishery has changed. There was 
evidence that with the recruitment of the very abundant 1970 year class 
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the fishery concentrated on that year class. As a result there have 
been changes in the exploitation pattern in recent years a$ well as 
changes in the overall level of fishing mortality, and these factors 
made it difficult to determine appropriate F-at-age array for the 
most recent year. 
Information which the Group used to determine 1976 F values included 
effort data and estimates of year classes' strength available from 
the international O-group surveys, from D.S.S.R. young fish surveys, 
and from English commercial catch per unit effort data for age 
groups 3 to 5. 
In past years the Group had each year modified the exploitation pattern 
on cod to allow for some concentration on the 1970 year class. However, 
the Group considered that the 1970 year class has now become less 
attractive to the fishery in Sub-area I and Division llb, because its 
abundance is decreasing and more recent relatively abundant year 
classes have recruited to the immature stock. In addition, the 1970 
year class is becoming less available in Sub-area I and Division lIb. 
Accordingly the Group came to the opinion that the exploitation pattern 
on cod in 1976 was more likely to have reverted to a more normal 
pattern and therefore the Group adopted the exploitation pattern based 
on the average for 1970-74. In deciding the overall level of fishing 
mortality, the Group was guided mainly by the year class strength 
indices from the pre-recruit surveys and the English c.p.u.e. data, and 
F values were adopted which gave VPA year class strength estimates inter-
mediate bet"reen those indicated from the D.S.S.R. pre-recruit surveys 
and the English c.p.u.e. data. The resultant F values used for 1976 are 
given in Tables 9 and 11, together with VPA-calculated values for the 
earlier years. The relative values of F for 1975 and 1976 in the Tables 
are not entirely consistent with the indications from Table 3 that 
fishing effort probably 'increased from 1975 to 1976. 
Haddock 
For haddock the procedure was similar to that for cod with the exploita-
tion pattern being based on the average for 1970-74, and the level of 
fishing mortality was decided on the basis of year class strength 
estimates (Table 14). In recent years there appears to have been a change 
in the exploitation pattern for haddock. In the past the maximum rates 
of mortality were experienced by age groups of five and older, but more 
recently age groups four to six have been subjected to the highest 
exploitation rates with lower rates in both the younger and older age 
groups. 
Stock size 
------
Estimates of stock size from VPA are given in Tables 10 and 12 for cod 
and in Table 15 for haddock. 
5. State of the Stocks 
5.1 Fi§.hing.-!!!£rta!!:t;y: 
Because of the changing exploitation pattern for cod, it is difficult 
to make comparisons of changes in fishing mortality in the last few 
years, but there appears to have been no major overall change in the 
level of fishing mortality in 1976. For haddock the level of fishing 
mortality appears to have been relatively stable during the last three 
years. 
5.2 Recruitm~gl 
Estimates of abundance of pre-recruit year classes are available from 
international O-group surveys and D.S.S.R. young fish surveys (Tables 
16 and 17). Revised estimates of absolute year classes' strength from 
VPA are also given in Tables 18 and 19. 
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5.2.1 Cod 
The 1970 year class is established to be an outstanding one. The 1971 
year class has been estimated to be about average and the most recent 
assessments indicate that the 1972 year class is above average. The 
most recent assessments indicate that the 1973 year class is above 
average, and it might even be as large as the 1964 year class which has 
been recorded as a rich one. The 1974 year class was estimated to be 
poor in the pre-recruit surveys and this assessment is still valid. In 
the O-group survey, the 1975 year class was rich, and the first estimate 
based on data from the U.S.S.R. young fish survey supported this. The 
1976 year class has been estimated to be weak both in the O-group survey 
and the U.S.S.R. young fish survey. Values for absolute abundance of 
year class strength for use in catch predictions are given in Table 18. 
Haddock 
The 1971 year class is established to be poor ~nd recruit survey data 
indicate that the 1972 and 1973 year classes are below ave~age. Both 
the O-group survey and the most recent U.S.S.R. young fish survey indicate 
that the 1974 year class is rich. The 1975 year class was recorded in 
the O-group survey as the most abundant one since these surveys started, 
and this has been confirmed by the most recent U.S.S.R. young fish sur-
veys. In the O-group survey the 1976 year class was abundant, but this 
has not been confirmed by the data from the U.S.S.R. young ,fish survey. 
Estimates of year class strength for use in catch prediction calculations 
are shown in Table 19. 
5.3 S~wning stock biomass 
Estimates of spawning stock biomass we~~ prepared using the stock numbers 
in each year as estimated by VPA and weight-at-age data given in Table 20. 
The mature stock has been taken as fish of 8 years and older for cod and 
of 6 years and older for haddock. For cod two estimates were calculated 
corresponding to values of natural mortality of M = 0.2 and 0.3 •. Estimates 
of spawning stock biomass for cod are given in Table 18 and for haddock 
in Table 19, and the trend with time is illustrated in Figures 1 and 2. 
No correction has been made for catches of cod taken in the spawning 
fishery before spawning takes place, and the spawning stock estimates relate 
to the biomass of the adult stock at the beginning of each year. 
F~r cod the spawning stock size reached a very low level in 1975 and 1976. 
From 1977 onwards there will be improved recruitment to the adult stock 
as the more abundant 1969 and subsequent year classes reach maturity. If 
catches in 1977 do not exceed the level of 850 000 tons recommended by 
the Liaison Committee, the adult stock size of cod is expected to recover 
to about 1 million tons by the beginning of 1978. 
For haddock the variation in spawning stock biomass has been less marked 
than for cod. The present relatively high level of the spawning stock is 
a consequence of the very abundant 1969 year class reaching maturity in 
1975. As later year classes are much less abundant it is expected that 
the spawning stock will decline below the 1976 peak during the next 
three years, but it will still remain above the long-term average. 
6. Yield Per Recruit 
As a consequence of the changes in the exploitation pattern for both cod 
and haddock, yield per recruit curves have been recalculated using the 
exploitation patterns and weight-at-age data given in Table 20. For cod 
the yield per recruit curves were calculated for values of M = 0.2 and 
0.3, and to make comparison easie~ the transformation to yield has been 
~ade by multiplying ~ield per recruit by average recruitment (M = 0.2, 
R3 = 818; M = 0.3, R3 = 1 239. Averages for year classes 1947-73). In 
Figures 2 and 3 curves of yield (cod) or yield per recruit (haddock) 
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have been plotted against the values of F on the age groups subject to 
maximum exploitation. Also included in the Figures are curves showing 
the dependence of equilibri.um spawning stock biomass (or spawning stock 
biomass per recruit) on fishing mortality. 
From the yield curves for cod Fmax = 0.3 (M = 0.2) and 0.6 (M:: 0.3). 
The estimated fishing mortality in the fully exploited age groups in 
1976 was F = 0.7 (M = 0.2) and F = 0.6 (M = 0.3). For haddock from 
the yield per recruit curve Fmax = 0.3 compared with the estimated 
value for 1976 of F = 0.6. 
7. Estimation of Total Allowable Ca~.ches (TACs) 
Data used in calculating predicted catches are given in Table 20. 
Estimates of stock sizes in 1977 were derived from the estimates of 
stock size and fishing mortality rates in 1976. For 1977 it was assumed 
that catches of both cod and haddock would be at the recommended levels 
of $50 000 tons and 110 000 tons respectively. To take these catches 
from the 1977 stocks would require the, fishing mortalities on the age 
groups subject to maxi.mum exploitation of F = 0.5 (M = 0.3) of F = 0.55 
(M = 0.2) for cod and F = 0.49 for haddock, assuming that the exploitation 
pattern remained unchanged. The estimated stocks at the beginning o~ 
1978 were then calculated from the 1977 stock sizes and fishing mortality 
rates. 
7.1 Cod 
In making its recommendation for a cod TAC for 1978, the Group had to 
cons:Lder the need to maintain the size of the spawning stock as well as 
the most appropriate level of fishing mortality to maximise yield. The 
spawning stock biomass of cod is expected to increase to about 1 million 
tons by 1978. The Group recommends that every attempt should be made to 
maintain the spawning stock at, or above, this level. If the spawning 
stock size is not to fall below 1 million tons in 1979, the fishing 
mortality on cod should not exceed F = 0.45 in 1978 (M = 0.2 and M = 0.3). 
For F = 0.45 in 1978 the catch would be expected to be 850 000 tons 
(M = 0.2 and M = 0.3). This assessment is summarised in the text table 
below: 
1976 
1977 
1978 
1979 
Spawning stock biomass (thousands 
of tons) 
Catch (thousands of tons) 
Fishing mortality on fully-exp16it~d 
M = 0.2 
250 
850 
age groups 0.55 
Spawning stock biomass (thousands of 
tons) 551 
Catch (thousands of tons) 
Fishing mortality on fully-exploited 
age groups 
Spawning stock 
tons) 
biomass (thousands of 
Spawning stock 
tons) 
biomass (thousands of 
850 
1 047 
1 100 
M 0.2-
291 
850 
0.50 
630 
850 
0.45 
1 122 
1 100 
If the cod TAC were to be maintained at 850 000 tons during 1977 and 
1978, this would involve a progressive reduction in fishing effort 
corresponding to a reduction in fishing mortality from F1976 = 0.6 to 
F1977 = 0.5, and F197 8 = 0.45 for M = 0.3. (Equivalent values for 
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M = 0.2 a~e F1976 = 0.7, Fl977 = 0.55 and F1978 = 0.45). A value of F = 0.45 In 19,8 would be below Fmax (= 0.6)for M = 0.3, but above 
Fmax (= 0.3) for M = 0.2. A catch of 850 000 tons in 1978 would allow 
the spawning stock to be maintained at 1 million tons into 1979. The 
Working Group therefore ~££~nds that the TAC for 1 8 for the 
North-East Arctic cod should be set at 850 000 tons including U.S.S.R. 
landings of Murman codY:-
7.2 Haddock 
For haddock, the Group followed the approach adopted in previous years 
of estimating haddock TACs on the basis of the expected by-catch in 
the fishery regulated for the conservation of the cod stock. The conse-
quences for haddock if the cod TAC were maintained at 850 000 tons would 
be expected to be as follows: 
1976 Spawning stock biomass (thousands of tons) 
1977 Catch (thousands of tons) 
Fishi:p.g mprtali ty on age groups subject ,to maximum 
explolt"atlon 
Spawning stock biomass (thousands of tons) 
1978 Catch (thousands of tons) 
Fishin,g mortality on age groups subject to maximum 
eXprOl1i'a tlon 
Spawning stock biomass (thousands of tons) 
1979 Spawning stock biomass (thousands of tons) 
M 0.2 
334 
110 
0.49 
263 
150 
0.45 
217 
209 
The Group considers that it would be difficult to regulate the haddock 
fishery independently of the cod fishery. However, a TAC for haddock, 
based on the expected by-catch in the cod fishery, would have the advan-
tage of preventing effort being diverted to fishing for haddock if cod 
quotas are taken before the end of the ye'a:r. The Working Group therefore 
recommends that a TAC for the North-East Arctic; haq;g;.o~k~ for 1978 should be 
~~t 150 000 tons. It is expected that to take this catch would require 
a fishing mortality of F = 0.45 in 1978. This may be compared with the 
value of Fmax = 0.3 for the same exploitation pattern. 
Summary of recommended TACs for 1978 
North-East Arctic cod (including Murman cod) 850 000 tons 
North-East Arctic haddock 150 000 tons 
The above TACs are the Group's recommendations based on the assessments 
described above. They are very much dependent on the estimates of 
fishing mortality in 1976. In Section 4 the Group described the difficul-
ties associated with determining these values of fishing mortality. While 
this potential source of error remains, there is the possibility that 
the recommended TACs will be either too high or too low. A TAC which was 
too high could cause long-term damage to the stock, while a TAC which was 
too low would result in a loss of catch although some of any such loss 
could be recovered to some extent in later years. In view of these con-
siderations, the Group recommends that it would be prudent to proceed 
with some caution in adopting TACs. 
8. Midwater Trawl 
The effect of midwater trawls on the stocks compared to the effects of 
bottom trawls will depend on their relative selectivities and also on 
behaviour and vertical distribution of fish. No new data on selectivity 
of midwater trawls and no new data on length composition of catches taken 
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by pelagic gear were available at this meeting. It was reported to the 
Working Group that the fisheries of the German Democratic Republic, Poland 
and the U.S.S.R. were conducted with bottom trawls only. In the United 
Kingdom fishery, only small quantities of cod were taken by midwater 
trawls, whereas the Norwegian fishing vessels may use midwater trawls 
only outside the 12-mile zone, but the catches taken by this gear could 
not be quantified at present. Vessels of the Federal Republic of Germany 
have used midwater trawls since 1974, mainly in Sub-area I and Division lIb. 
In 1975 the catch by midwater trawls was about 9 800 tons of cod and 
4 400 tons of haddock, representing 33% and 28% respectively of the total 
catch of these two species taken in the North-East Arctic by vessels of 
the Federal Republic of Germany. In the absence of length composition 
data and total catch data from the midwater trawl fishery, the Group is 
still not in a position to assess the effects of midwater trawling on 
the stocks of cod and haddock in the North-East Arctic. 
9. Mesh Assessments 
The Chairman of the Working Group discussed with Mr K P Andersen of the 
Danish Institute for Fisheries and Marine Research the possibility of 
using the method he has developed based on the length compositions -of catches 
to assess the effective mesh sizes in use in the trawl fisheries for North-
East Arctic cod and haddock. Mr Andersen was willing to assist the Group 
in making the assessment but he advised that the time that would be required 
would be more than was available during this meeting. Because of the 
working and computer time required to make an assessment of effective mesh 
size and the effects of changes in mesh size, the Working Group recommends 
that the necessary length composition data should be submitted to the 
Chairman before 1 June 1977, and that provision be made for a small number 
of Working Group members to meet together and make the assessment with 
the assistance of Mr K P Andersen. This should be done sufficiently early 
for the results to be circulated to all Working Group members well in 
advance of any future full meeting of the Group. 
Year 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1~'761i 
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Table 1. Cod. 
Total nominal catch by fishing areas 
(metric tons). 
Sub-area I Division lIb Division IIa 
375 327 91 599 155 116 
409 694 220 508 153 019 
548 621 220 797 139 848 
547 469 III 768 117 100 
206 883 126 114 104 698 
241 489 103 430 100 011 
292 253 56 653 134 805 
322 798 121 060 128 747 
642 452 269 160 162 472 
679 373 262 254 255 599 
603 855 85 556 243 835 
312 505 56 920 319 623 
197 015 32 982 335 257 
492 716 88 207 211 762 
723 489 254 730 124 214 
561 701: 147 400 120 276 
539 124 103 650 216 379 
1iProvisiona1 figures 
Total 
catch 
622 042 
783 221 
909 266 
776 337 
437 695 
444 930 
483 711 
572 605 
1 074 084 
1 197 226 
933 246 
689 048 
565 254 
792 685 
1 102 433 
829 377 
859 153 ' 
T
ab
.ie
 2
. 
C
od
. 
F
ar
o
e 
Y
ea
r 
Is
la
n
d
s 
.
 
F
ra
n
ce
 
19
60
 
3 
30
6 
22
 3
21
 
19
61
 
3 
93
4 
13
 7
55
 
19
62
 
3 
10
9 
20
 4
82
 
19
63
 
-
18
 3
18
 
19
64
 
-
8 
63
4 
19
65
 
-
52
6 
19
66
 
-
2 
96
7 
19
67
 
-
66
4 
19
68
 
-
-
19
69
 
29
 3
74
 
-
19
70
 
26
 2
65
 
44
 2
45
 . 
19
71
 
5 
87
7 
34
 7
72
 
19
72
 
1 
39
3 
8 
91
5 
19
73
 
1 
91
6 
17
 0
28
 
19
74
 
5 
71
7 
46
 0
28
 
19
75
 
II
 3
09
 
28
 7
34
 
19
76
~ 
11
 2
0b
 
28
 0
00
 
~P
ro
vi
si
on
al
 f
ig
u
re
s 
l)M
ur
m
an
 c
o
d 
in
cl
u
d
ed
 
N
om
in
al
 c
a
tc
h
 (
m
et
ri
c 
to
n
s,
 
w
ho
le
 w
e
ig
ht
) 
by
 c
o
u
n
tr
ie
s.
 
(S
ub
-a
re
a 
I 
a
n
d
 D
iv
is
io
n
s 
II
a
 a
n
d 
lI
b
 c
o
m
bi
ne
d)
 
G
er
m
an
 
G
er
m
an
y 
D
em
.R
ep
. 
F
ed
;R
ep
. 
N
or
w
ay
 
P
o
la
nd
 
U
.K
. 
U
.S
.S
.R
. 
9 
47
2 
23
1 
99
7 
.
 
20
 
14
1 
17
5 
21
3 
40
0 
3 
92
1 
8 
12
9 
26
8 
37
7 
-
15
8 
11
3 
32
5 
78
0 
1 
53
2 
6 
50
3 
22
5 
61
5 
-
17
5 
02
0 
47
6 
76
0 
12
9 
4 
22
3 
20
5 
05
6 
10
8 
12
9 
77
9 
41
7 
96
4 
29
7 
3 
20
2 
14
9 
87
8 
-
94
 5
49
 
18
0 
55
0 
91
 
3 
67
0 
19
7 
08
5 
-
89
 9
62
 
15
2 
78
0 
22
8 
4 
28
4 
20
3 
79
2 
-
10
3 
01
2 
16
9 
30
0 
45
 
3 
63
2 
21
8 
91
0 
-
87
"0
08
 
26
2 
34
0 
25
5 
1 
07
3 
25
5 
61
1 
-
14
0 
38
7 
67
6 
75
8 
5 
90
7 
5 
34
3 
30
5 
24
1 
7 
85
6 
23
1 
06
6 
61
2 
21
5 
12
 4
13
 
9 
45
1 
37
7 
60
6 
5 
15
3 
18
1 
48
1 
27
6 
63
2 
4. 
99
8 
9 
72
6 
40
7 
04
4 
1 
51
2 
80
 1
02
 
14
4 
80
2 
1 
30
0 
3 
40
5 
39
4 
18
1 
89
2 
58
38
2 
96
 6
53
 
4 
68
4 
16
 7
51
 
28
5 
18
4 
84
3 
78
 8
08
 
38
7 
19
6 
4 
86
0 
78
 5
07
 
28
7 
27
6 
9 
89
8 
90
 8
94
 
54
0 
80
11
) 
9 
98
1 
30
 0
37
 
27
7 
09
9 
7 
43
5 
10
1 
83
4 
34
3 
58
01
) 
8 
94
6 
24
 7
80
 
33
3 
82
8 
6 
98
6 
88
 0
27
 
34
2 
10
41
 
T
o
ta
l 
O
th
er
s 
A
ll
 c
o
u
n
tr
ie
s 
35
1 
62
2 
04
2 
1 
21
2 
78
3 
22
1 
24
5 
90
9 
26
6 
-
77
5 
57
7 
58
5 
43
7 
69
5 
81
6 
44
4 
93
0 
12
1 
48
3 
70
4 
6 
57
2 
60
5 
-
1 
07
4 
08
4 
'
-
0
 
13
3 
1 
19
7 
22
6 
-
93
3 
24
6 
21
5 
68
9 
04
8 
16
6 
56
5 
28
7 
27
6 
79
2 
68
6 
38
 4
53
 
1 
10
2 
43
4 
19
 3
68
 
82
9 
37
7 
15
 2
76
 
85
9 
15
3 
-
T
ab
le
 3
. 
C
od
. 
SU
B-
AR
EA
 I
 
E
st
im
at
es
 o
f 
to
ta
l 
in
te
rn
at
io
na
l 
f~
sh
in
g 
e
ff
o
rt
 
in
 S
ub
-a
re
a 
I 
a
n
d 
D
iv
is
io
ns
 I
Ia
 a
n
d 
lI
b
. 
D
IV
IS
IO
N
 l
Ib
 
D
IV
IS
IO
N
 I
Ia
 
N
at
io
na
l 
E
ff
or
t 
T
ot
al
 I
n
te
r-
Na
 ti
on
al
 E
ff
or
t 
.
 
lJ
lo
ta
l 
In
te
r-
N
at
io
na
l 
E
ff
or
t 
T
ot
al
 I
n
te
r-
n
a
ti
on
al
 E
ff
or
t 
n
a
ti
on
al
 E
ff
or
t 
n
a
ti
on
al
 E
ff
or
t 
Y
ea
r 
U
.K
. 1
) 
US
SR
2 )
 
U
.K
. 
US
SR
 
U
.K
. 
US
SR
 
U
.K
. 
US
SR
 
U
.K
. 
N
or
w
ay
3)
 
U
.K
. 
N
or
w
eg
ia
n 
u
n
it
s 
u
n
it
s 
u
n
it
s 
u
n
it
s 
u
n
it
s 
u
n
it
s 
19
60
 
95
 
43
 
51
2 
91
 
42
 
11
 
97
 
34
 
39
 
10
 
25
2 
26
 
19
61
 
94
 
53
 
51
8 
10
9 
51
 
22
 
17
3 
39
 
30
 
9 
25
5 
20
 
19
62
 
93
 
61
 
59
0 
94
 
51
 
16
 
16
8 
29
 
34
 
10
 
21
0 
21
 
19
63
 
78
 
62
 
63
5 
91
 
45
 
9 
12
0 
22
 
29
 
7 
17
6 
19
 
19
64
 
42
 
30
 
35
1 
55
 
49
 
17
 
13
6 
32
 
36
 
6 
15
7 
17
 
19
65
 
42
 
25
 
36
7 
62
 
37
 
11
 
95
 
4 
33
 
5 
15
0 
16
 
19
66
 
63
 
33
 
38
7 
69
 
23
 
16
 
71
 
29
 
46
 
5 
19
9 
15
 
19
67
 
51
 
30
 
39
5 
61
 
10
 
12
 
11
0 
13
 
50
 
5 
26
1 
22
 
19
68
 
86
 
45
 
58
4 
67
 
9 
24
 
15
1 
26
 
52
 
6 
28
8 
15
 
19
69
 
11
5 
45
 
59
3 
72
 
24
 
19
 
19
7 
26
 
73
 
5 
27
2 
18
 
19
70
 
12
2 
35
 
57
3 
77
 
24
 
15
 
12
2 
27
 
55
 
5 
34
6 
16
 
19
71
 
82
 
23
 
57
6 
74
 
4 
27
 
79
 
34
 
48
 
5 
52
3 
14
 
19
72
 
71
 
41
 
41
8 
II
I 
7 
11
 
65
 
17
 
35
 
6 
60
2 
14
 
19
73
 
96
 
61
 
86
0 
94
 
18
 
12
 
16
1 
16
 
27
 
7 
48
5 
14
 
19
74
 
92
 
48
 
90
6 
86
 
9 
18
 
24
3 
42
 
29
 
5 
43
5 
16
 
19
75
 
10
9 
31
 
73
1 
67
 
5 
19
 
10
9 
34
 
28
 
4.
07
7 
36
6 
13
 
19
76
~ 
97
 
44
 
91
1 
82
 
21
 
18
 
12
8 
36
 
35
 
4.
27
4 
62
2 
18
 
1)
 H
ou
rs
 f
is
hi
ng
 x
 
a
v
e
ra
ge
 t
on
na
ge
 x
 
10
-6
 =
 
m
il
li
on
s 
o
n
 
to
n
-h
ou
rs
 
2)
 H
ou
rs
 f
is
hi
ng
 (
ca
tc
h/
ca
tc
h 
pe
r 
ho
ur
 f
is
hi
ng
) 
x
 
10
-4
 
3)
 N
um
be
r 
o
f 
m
en
 
fi
sh
in
g 
a
t 
L
of
ot
en
 x
 
10
-3
 
ii:
 
P
ro
vi
si
on
al
 f
ig
ur
es
 
I I 
f--
J o
 
- 11 -
Table 4. Cod. 
Catch per unit effort (metric tons, round fresh) 
in Sub-area I and Divisions IIa and lIb. 
SUB-AREA I DIVISION lIb DIVISION IIa 
Year U.K. l ) USSR 2) U.K. USSR U.K. 
1960 0.075 0.42 0.105 0·31 0.067 
1961 0.079 0·38 0.129 0.44 0.058 
1962 0.092 0.59 0.133 0.74 0.066 
1963 0.085 0.60 0.098 0.55 0.066 
1964 0.058 0.37 0.092 0.39 0.070 
1965 0.066 0.39 0.109 0.49 0.066 
1966 0.074 0.42 0.078 0.19 0.067 
1967 0.081 0.53 0.106 0.87 0.052 
1968 0.110 1.09 0.173 1.21 0.056 
1969 0.113 1.00 0.135 1.17 0.094 
1970 0.100 0.80 0.100 0.80 0.066 
. 1971 0.056 0.43 0.071 0.16 0.062 
1972 0.047 0.34 0.051 0.18 0.055 
1973 0.057 0.56 0.054 0.57 0.043 
1974 0.079 0.90 0.106 0·77 0.028 
1975 0.077 0.85 0.100 0.43 0.033 
1976ili 0.059 0.66 0.082 0.30 0.033 
l)U.K. data - tons per 100 ton-hours fishing 
2)USSR data - tons per hour fishing 
3)Norwegian data - tons per gill net boat week at Lofoten 
ili Provisional figures 
Year 
1960 
1961 
. 1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976ii 
Table 5. Haddock. 
Sub-area I 
125 675 
165 165 
160 972 
124 774 
79 056 
98 505 
124 115 
108 066 
140 970 
88 960 
59 493 
56 300 
221 183 
283 728 
159 037 
121 686 
99 567 
Total nominal catch by fishing areas 
(metric tons). 
Division lIb Division IIa 
1 854 27 925 
2 427 25 642 
1 727. 25 189 
939 21 031 
1 109 18 735 
939 18 640 
1 614 34 892 
440 27 980 
725 40 031 
1 341 40 208 
497 26 611 
435 21 567 
2 155 41 979 
12 989 23 348 
15 068 47 033 
9 726 44 330 
10 973 33 044 
," 
iliprovisional figures 
NOrway3) 
3.0 
3·7 
4.0 
3.1 
4.8 
2.9 
4.0 
3.5 
5.1 
5.9 
6.4 
10.6 
11.5 
6.8 
3.4 
3.4 
3.8 
Total 
155 454 
193 234 
187 888 
146 744 
98 900 
118 079 
160 621 
136 486 
181 726 
130 509 
86 601 
78 302 
265 317 
320 065 
221 138 
175 742 
143 584 
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Table 7. Haddock. 
Catch per unit effort and estimated 
total international effort. 
Catch per Effort (U.K.) Estimated Total International 
Kilos/lOO ton-hours Effort in U.K. Units 
Sub-area Divisions Total Catcll in Tons x lO-6 
I IIa lIb Tons/lOO Ton-Hours Sub-area I 
33 34 2.8 4.7 
29 36 3.3 6.7 
23 42 2.5 8.2 
13 33 0.9 11.2 
18 18 1.6 5·5 
18 18 2.0 6.6 
17 34 2.8 9.4 
18 25 2.4 7.6 
19 50 1.0 9.6 
13 42 2.0 10.0 
7 31 1.0 12·4 
8 25 3.0 9.8 
14 18 23.0 19.0 
22 20 20.0 14.5 
20 74 15.0 11.1 
15 60 4·0 11.7 
10 38 3.0 14.4 
3e Provisional figures. 
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Table 19. Estimates of the spawning stock and the year 
class strength for HADDOCK. Estimated from 
VPA for M = 0.20. 
Year class strength 
Year Spawning stock biomass Year at 3 years old tons x 10-3 class Millions 
1947 67 
1948 552 
1949 63 
1950 270 1950 1 029 
1951 151 1951 127 
1952 95 1952 52 
1953 66 1953 169 
1954 179 1954 53 
1955 156 1955 69 
1956 474 1956 325 
1957 324 1957 241 
1958 202 1958 110 
1959 160 1959 240 
1960 129 1960 276 
1961 105 1961 319 
1962 147 1962 100 
1963 106 1963 245 
1964 67 1964 298 
1965 76 .1965 20 
1966 140 1966 18 
1967 193 1967 170 
1968 166 1968 98 
1969 178 1969 1 086 
1970 225 1970 271 
1971 172 1971 ~54 1972 137 1972 78 
1973 122 1973 !150 1974 122 1974 27~ < 1975 328 1975 900, 
1976 334 
1977 (26 3j 1978 ~217 1979 209 
( ) = provisional figures. 
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Figure 3. North-East Arctic Cod. 
Curves of yield and spawning stock biomass for the 
present exploitation pattern assuming average 
recruitment. 
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Figure 4. Haddock. 
Curves of yield per recruit and spawning stock biomass per 
recruit for present exploitation pattern. 
